Optogenetic activation of GABAergic neurons in the nucleus accumbens decreases the activity of the ventral pallidum and the expression of cocaine-context-associated memory.
GABAergic medium-sized spiny neurons (MSNs) in the nucleus accumbens (NAc) differentially express D1 and D2 dopamine receptors. Both D2- and D1-MSNs in the NAc form projections into the ventral pallidum, whereas only D1-MSNs directly project into midbrain neurons. They are critical in rewarding and aversive learning, and understanding the function of these NAc efferents and the alteration of their targeted brain regions in responding to a reward-associated context is important. In this study, we activated the GABAergic neurons in the NAc of mice expressing channelrhodopsin-2 under the control of the vesicular GABA transporter promoter by an optogenetic approach, and examined its effects on the expression of cocaine-context-associated memory. In vivo optogenetic activation of the NAc GABAergic neurons inhibited the expression of cocaine-conditioned place preference (CPP). When tested 24 h later, these mice exhibited normal cocaine-induced CPP, indicating that the inhibitory effect on the expression of CPP was transient and reversible. Activation of the NAc GABAergic neurons also attenuated the learning of cocaine-induced reinforcement, as indicated by the results of behavioural sensitization. To explore how the cocaine-context-associated information was processed and integrated, we assessed the activity of NAc MSN-targeted brain nuclei and found that the activation of NAc GABAergic neurons during CPP expression resulted in a decrease of c-Fos+ cells in the ventral palladium. Our data suggested that the NAc GABAergic efferents inhibit the ventral palladium activity and negatively regulate the expression of motivational effects induced by cocaine-context-associated cues.